Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is caused by chronic obstruction of the pulmonary vasculature by thromboemboli and is classified as Group 4 Pulmonary Hypertension (PH) [1, 2] . CTEPH is defined as precapillary PH with associated elevations in pulmonary artery pressure (PAP) and vascular resistance (PVR), which, untreated, commonly lead to right ventricular (RV) dysfunction, right heart failure, and death [1, 3, 4] . Risk factors for CTEPH include thromboembolic events, splenectomy, intravascular catheters, malignancy, thyroid replacement therapy, and thrombophilia [5] [6] [7] .
Unlike pulmonary arterial hypertension (PAH), CTEPH is potentially curable by pulmonary endarterectomy (PEA) [3, 8] ; however, the criteria for surgical operability are variable and largely depend on the center's practices and experience [9, 10] . In addition, for patients with inoperable disease and or persistent or recurrent PH after PEA, & Ioana R. Preston ipreston@tuftsmedicalcenter.org riociguat is the only medical therapy thus far approved as effective to treat CTEPH [11] . Riociguat was not yet available in Mexico at the time of this study. Prior to riociguat, medical therapy for CTEPH was extrapolated from medical therapy for Group 1 PAH including endothelin receptor antagonists, phosphodiesterase-5 inhibitors, and prostacyclins [3, 12] . The incidence of CTEPH has been reported to be between \1 % and upwards of 10 % after a symptomatic pulmonary embolism [3] . Conversely, up to 50 % of patients with CTEPH have not had an identifiable acute thromboembolic event [13, 14] . The magnitude and clinical outcomes of patients with CTEPH have been reported mainly from observational registries in the United States, Europe, Japan, and China [3, [15] [16] [17] [18] [19] [20] [21] .
Because of the dearth of epidemiologic information on the characteristics and management of newly diagnosed CTEPH in the developing world, we examined these factors in a population of patients with CTEPH presenting to a large PH referral center in Mexico City, Mexico.
Materials and Methods

Study Design
This is a prospective study of consecutive, newly diagnosed CTEPH patients referred to the Instituto de Seguridad y Servicio Social de los Trabajadores del Estado (ISSSTE) and the Hospital Regional 1°de Octubre and included in the Registro de Pacientes con Hipertension Pulmonar del Instituto de Seguridad y Servicio Social de los Trabajadores del Estado (REPHPISSSTE) registry, from January 2009 to February 2014. The REPHPISSSTE is a comprehensive systematic database of patients with pulmonary hypertension Group 1 (PAH) and 4 (CTEPH) followed at either the ISSSTE hospital or the Hospital Regional 1 o de Octubre in Mexico City, Mexico. Inclusion in the registry did not influence the management of the patients by their respective physicians. Right heart catheterization (RHC) was not routinely performed to diagnose CTEPH until after August 2010; therefore, the cohort was divided into two groups: a historical cohort (January 2009 to July 2010) and a contemporary cohort (August 2010 to December 2013). Patients were followed until death or March 31, 2014. The study was approved by the institutional review board at ISSSTE and the Hospital Regional 1°de Octubre.
Study Subjects
Patients were included if they were C18 years of age with PH as defined by a mean PAP (mPAP) C25 mm Hg and a pulmonary capillary wedge pressure (PCWP) B15 mm Hg. Prior to August 2010, PH was diagnosed based on an elevated estimated systolic PAP C45 mm Hg with or without RV dysfunction by echocardiography. CTEPH was confirmed by radiographic abnormalities consistent with multiple filling defects detected on ventilation-perfusion (V/Q) lung scintigraphy, computed tomography pulmonary angiography (CTPA), or pulmonary angiography. All patients had been receiving anticoagulation for at least 6 months at enrollment. Eligibility for PEA operability was assessed retrospectively for patients who did not have a diagnostic RHC and prospectively for those who did. The operability assessment was performed by a team of physicians that included a PH specialist, a radiologist, and a thoracic surgeon with special interest in PEA. At enrollment, patients had not been previously treated medically with PAH-specific therapies.
Data Collection
Data collected included patients' demographic characteristics, medical history, New York Heart Association (NYHA) functional class, blood tests and diagnostic tests, procedures, treatments, and dates of deaths.
Statistical Analysis
Categorical data were expressed as counts and percentages, and continuous variables were expressed as medians and interquartile ranges. Differences between groups were compared using the Wilcoxon rank-sum test and Fisher's exact test, as appropriate. Kaplan-Meier curves were used to compare survival among patients who underwent RHC evaluation and those who did not. Since all patients were newly diagnosed upon enrollment, survival time was defined by the date of the echocardiographic assessment in the historical cohort and the date of diagnostic RHC in the contemporary cohort. Survival was censored on March 31, 2014. All analyses were performed using R version 3.1.1. The reported p values are exploratory in nature.
Results
Seventy-one patients newly diagnosed with CTEPH were identified in the REPHPISSSTE registry between January 2009 and December 2013. Twenty-one patients were subsequently followed by their local physicians and were lost to follow-up. The remaining 50 patients were divided into the historical cohort (January 2009 to July 2010, n = 17) and the contemporary cohort (August 2010 to December 2013, n = 33) (Fig. 1) .
The median age was 63 years (IQR 53-75 years) and 58 % were females (Table 1 ). About half of the patients had a prior diagnosis of venous thromboembolism (VTE) and the median time from VTE to CTEPH diagnosis was 3 years (IQR 2-16 years). Patients in the contemporary cohort were younger than patients in the historical cohort (Table 1) .
Blood testing for thrombotic disorders was performed at the time of CTEPH diagnosis. Antithrombin III deficiency was more common in the contemporary group (Table 1) . (46) 18 (55) 5 (29) 0.14 Acute pulmonary embolism, n (%) 21 (42) 17 (52) 4 (24) 0.07
Time from prior VTE to CTEPH diagnosis, years
Lupus anticoagulant, n (%) 4 (8) 3 (9) 1 (6) 1.00
Factor V leiden mutation n (%)
Results shown as median (Interquartile range). p value reported between the contemporary and historical groups The most frequent established thrombotic risk factor identified was lupus anticoagulant (8 %) followed by antiphospholipid antibodies (6 %) and antithrombin III deficiency (2 %). No patients had a protein C or S deficiency, or a mutation in factor V Leiden. Multiple co-morbidities were identified at the time of diagnosis (Table 2 ), but no significant differences were identified between the two cohorts. About 40 % of the study cohort was obese, one-third had hypertension, onethird had obstructive sleep apnea, and less than 10 % had a diagnosis of thrombotic disorder prior to the diagnosis of CTEPH.
Functional Classification
At the time of diagnosis, most of the patients were significantly limited (NYHA class III or IV). A 6-min walk test was performed in 39 patients at the time of diagnosis. The median of 6-min walk distance (6MWD) was 289 m (IQR 182-402). There were no differences in NYHA class or 6MWD between the two groups (Table 3) .
Radiographic Findings
Abnormal perfusion was detected in all study patients who underwent a V/Q scan (n = 42), and abnormal ventilation was detected in approximately 30 %. All patients underwent a CTPA, and proximal lesions were detected in 33 % of the scans. Dilation of pulmonary arteries and mosaic perfusion pattern were detected in approximately 40 % of all the scans. Pulmonary angiography was performed in the one patient that underwent PEA.
Spirometry
Spirometry was available in 44 patients. The median FEV 1 / FVC ratio was 68 % with no difference between the historical and contemporary groups (Table 3) ; however, patients in the contemporary group had significantly better FEV 1 as compared to the patients in the historical group (2.60 liters vs. 1.80 liters, p = 0.001). Abnormal diffusion capacity was reported in 22 % of patients, with more patients in the historical group having lung diffusion capacity abnormalities as compared to the contemporary group (56 vs. 11 %, p = 0.01).
Echocardiographic Findings
RV dilatation was documented in 94 % of patients ( Table 3 ). The estimated systolic PAP was elevated, with a median of 65 mm Hg (IQR 58-75 mm Hg). The tricuspid annular plane systolic excursion (TAPSE) was measured in 43 patients and had a median of 18 mm (IQR 16-19 mm).
Invasive Hemodynamic Parameters
The mPAP was mildly elevated (median 35 mm Hg, IQR 31-43 mm Hg); however, PVR was substantially elevated (median of 8.1 Woods units, IQR 5.6-10.6 WU) and cardiac index tended to be low (median of 2.4 liters/min/m 2 (IQR 2.2-2.9 L/min/m 2 ) (Table 3) . 
Surgical Operability
Operability was assessed retrospectively in 12 patients in the historical group, by chart review, and 7 patients (58 %) were deemed operable but none underwent PEA (Table 4) . Patients in the contemporary group were assessed for operability prospectively. Among those, 22 patients (67 %) were deemed operable but only one patient, who also had a right atrial thrombus, underwent PEA and thrombectomy of the cardiac clot. The patient recovered with residual mild PH postoperatively which was treated with sildenafil. The main reason for not operating on the remaining 21 patients was lack of insurance coverage for this surgery.
Pharmacologic and Non-pharmacologic Management
All patients received anticoagulation (Table 4) . Ten patients were initiated on warfarin and later switched to enoxaparin or the newer oral anticoagulant (NOAC) rivaroxaban; however, more patients in the contemporary group were initiated on or switched to rivaroxaban than patients in the historical group (66 vs. 24 %, p = 0.007). More than one-third of patients received digoxin including 59 % patients in the historical group and 27 % in the contemporary group (p = 0.04). Fourteen patients (28 %) received no PAHspecific therapy. The majority of patients (70 %) who were treated with PAH-specific medication received sildenafil, with a greater percentage of patients in the contemporary Abnormal DLCO (n = 37), n (%) 8 (22) 3 (11) group treated with sildenafil as compared to the historical group. Ten percent of patients were treated with bosentan, and one was treated with inhaled iloprost. Inferior vena cava (IVC) filters were not frequently deployed, with only 16 % receiving an IVC filter after the diagnosis of CTEPH.
Follow-Up and Outcomes
Patients were followed for a median of 20 months (7-26 months). By the end of the study, 14 patients (21 %) were dead (six in the contemporary and eight in the historical group). There was no significant difference in survival between the two cohorts (Fig. 2) . VTE recurrence was documented in 20 % of patients and it was similar between groups, regardless of anticoagulant (Table 4) .
Discussion
This is the first report on the characteristics and management of patients with CTEPH from Mexico. Our study describes patient characteristics at the time of diagnosis and their long-term outcomes. We describe changes in the management of these patients, most notably the implementation of diagnostic RHC in 2010 for the confirmation of PH and the increased use of NOACs. Our main findings are that patients presenting with CTEPH comprise a predominantly middle aged, obese patient population with multiple co-morbidities with advanced pulmonary vascular disease at the time of diagnosis as evidenced by abnormal RV function on echocardiography and a borderline-low cardiac index at RHC. Our study also demonstrates that most of the patients do not undergo PEA, even potentially operable candidates.
Registries from the United States [22] , Japan [23] , Europe [12, 17] , and Canada [12] report a median age of CTEPH patients of approximately 63 years, comparable to our cohort. The slight female predominance observed in our study is consistent with the findings from the International registry [12] . We also noted a history of VTE in 46 % of patients diagnosed with CTEPH, similar to findings from other registries [3, 12, 22, 23] . This study, in contrast to previously published data, reports a lower prevalence of established thrombotic risk factors, with lupus anticoagulant and antiphospholipid antibodies occurring in 6 and 8 % of patients, respectively, as opposed to 10 % and 20 % in an earlier study [24] . This difference could be a random variation between study populations, but we cannot exclude the possibility of genetic differences.
RHC was not routinely performed in the study centers prior to August 2010 and the diagnosis of PH was based solely on echocardiographic findings. Nevertheless, the echocardiographic findings were similar between the patients who underwent a confirmatory RHC and those who did not. All patients in the historical group had abnormal RV function in the setting of clinical and radiologic assessments consistent with the diagnosis of CTEPH. For contemporary patients who underwent RHC, pulmonary hemodynamics were comparable to previous reports [12, 22, 23, 25] , with mPAP only modestly elevated (median 35 mm Hg) and cardiac index borderline low. The latter finding, combined with the high incidence of RV Even though PEA is a potentially curative therapy for patients with CTEPH, there are no defined criteria for discriminating surgically accessible obstructive lesions from inaccessible lesions [9, 10, [26] [27] [28] . Assessment of operability remains in large part surgeon-and center-dependent. In the current study, about two-third of patients were deemed operable based on a review of their radiographic images and their clinical profile; however, only one patient underwent PEA. This is due to the lack of infrastructure in Mexico to perform these operations, lack of reimbursement for the procedure, lack of ability to provide the complex post-operative care needed, or funds to obtain the surgery elsewhere. In our cohort, the only patient who underwent PEA had another indication for surgery, a right atrial thrombus, which facilitated insurance approval and allowed a combined surgery to occur with a favorable postoperative outcome: improvement in his hemodynamics, but residual mild PH that was treated with oral sildenafil. However, resources to provide this surgery are lacking not only in Mexico City but also in many other developing countries. In addition, among oral PAH-specific medications, only sildenafil and bosentan were available in Mexico during the study period, both of which have previously produced mixed results in patients with CTEPH [29] [30] [31] [32] . Seventy percent of patients in this study received either sildenafil or bosentan or both in addition to anticoagulation. Since these results were compiled, riociguat has been approved to treat CTEPH in Mexico, but no data are yet available on its use there.
The predominant anticoagulant used differed significantly between the two groups. Since the NOACs are associated with better compliance and ease of administration than warfarin [33] and in the absence of data favoring one type of anticoagulation over the other in patients with CTEPH, the more recently enrolled contemporary patients received rivaroxaban more often than warfarin. Rates of VTE recurrence did not differ between the historical and contemporary groups, suggesting similar anticoagulant efficacy, although this was not formally tested. The rate of recurrent thrombotic events in our study was also similar to previous reports [12] . In addition, similar to the CTEPH international registry [12] , IVC filters were placed less often in our cohorts than in US-based registries [27, 34] where IVC filters are placed preoperatively.
While patients in our cohort had less severe elevations of mPAP as compared to other contemporary registries [12, 22, 25] , the overall survival of CTEPH patients in our cohort was about 80 % at 2 years of follow-up. In a prospective international registry, the 3-year survival rate for CTEPH patients who were operated on was 89 % as compared with a rate of 70 % for those not operated on [35] . The superior survival rates with PEA as compared with non-specific medical therapy in operable candidates could be due to selection bias with patients not undergoing PEA being a sicker cohort, but it still re-emphasizes the importance of assessing surgical operability at diagnosis. On the other hand, appropriate medical therapy should be instituted without delay in areas (like Mexico) where access to PEA is limited, but not if it leads to unnecessary delays in surgery [36] . Our study is an observational, single-center registry, which has inherent study design limitations with a relatively small number of patients and changes in practice over time. However, our study describes the systematic management of a rare disease in a country representative of health care delivery in the developing world. Since the majority of patients were treated with oral sildenafil, we did not have sufficient power to compare differences in outcomes by different PAH-specific medications.
In conclusion, CTEPH is an increasingly recognized condition worldwide with a potentially curable surgical treatment [37] . This is the first report of the clinical characteristics of patients with CTEPH presenting to referral centers in Mexico, and the first report of a prospective database from a region of the world without full access to medical and surgical therapies for CTEPH. In this context, even though medical therapies have evolved in recent years with the greater use of NOACs and PAH-specific medical therapies, current practices may be dictated by limitations in medical and surgical resources rather than evidence-based approaches.
